Abstract: Berberine azide, berberine thiocyanate, and 8-cyano-8H-berberine were prepared from berberine chloride, a quaternary protoberberine alkaloid. The molecular and crystal structures of all compounds are reported and discussed.
Introduction
Berberine (1) is a yellow quaternary protoberberine alkaloid occuring in many plant species of the Berberidaceae and other families. Berberine is known as an antimicrobial agent for the treatment of eye infections, gastrointestinal disorders, and other diseases [1, 2] . The chemistry of berberine and related alkaloids may deal either with side chains alterations to form structural analogs [3] or with nucleophile attack on the iminium C=N + bond [4, 5] . Continuing our research on the conversions of isoquinoline alkaloids with nucleophiles we investigated the reactions of berberine chloride with azide, thiocyanate, and cyanide ions.
Results and Discussion
The protoberberine skeleton is derived from 5,6-dihydrodibenzo[a,g]quinolizinium. Berberine (1) is a tetrasubstituted alkaloid with a methylenedioxy group at C2 and C3, and two methoxy groups at C9 and C10. The susceptibility of berberine to nucleophilic attack at carbon C8 is known and several adducts are described in literature, especially those with oxygen-and carbon-nucleophiles [4, 5] . An early example is the reaction with cyanide which provides 8-cyano-8H-berberine (2) (8-cyanodihydroberberine, berberine pseudocyanide) [6] . Little is known about reactions of berberine with nitrogen-and sulfur-nucleophiles.
We tried to prepare berberine adducts by rection with azide and thiocyanate ions. Under the described experimental conditions, berberine chloride (1a) did not give expected adducts. An excess of sodium azide led to a mere exchange of counter-anions so that we isolated berberine azide (1b) as a principal product. The IR spectrum of 1b indicated an intensive band of the antisymmetric valence vibration of azide ion [N=N=N] at 2035 cm -1 . The reaction of 1a with sodium thiocyanate proceeded similarly to yield berberine thiocyanate (1c). On the other hand, the reaction of berberine chloride with NaCN, performed according to literature [7] , gave 8-cyano-8H-berberine (2). After slow recrystallizations, all the three products afforded crystals suitable for X-ray data collection.
Crystal data and selected geometric parameters of the compounds 1b, 1c, 2 are summarized in Tables 1, 2. All bond lengths and angles are within normal range. The quaternary cations in 1b and 1c are relatively planar species (Fig. 1, Fig. 2 ). Planarity is disturbed only in a partially saturated ring B. The ring B adopts a twisted half-chair conformation with the atoms C5 and C6 significantly deviated from the best plane of the aromatic rings A and C. The shortest bond length, 1.334(3) Å (1b), 1.332(4) Å (1c), is for the iminium N7-C8 bond in the ring C. The longest bonds are C4a-C5 (sp Table 2 ). Similar findings were made in other berberine salts (chloride, bromide, iodide, sulfate, hydrogen sulfate) [8, 9] and jatrorrhizine chloride, a protoberberine alkaloid with a different substitution pattern [10] . In the molecule of berberine, two aromatic parts can be distinguished, the ring A and the fused rings C,D. The least-squared planes calculated for these two parts are twisted by 10°N (2) 9.367 (2) 13.003 (3) 88.21 (3) 75.94 (3) 81.25 (3) 1000.9(4) (1) 10.613 (2) 12.344 (2) 101.18 (3) 94.37 (3) 97.69 (3) 895.1(3) 
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1.428 (2) 114.12 (13) 115.94 (13) 118.55 (13) 119.63 (14) 112.75 (13) 120.64 (14) 115.61 (14) 117.09 (13) 124.86 (14) 8-Cyano-8H-berberine (2) is an adduct of berberine with CN -ion. The nucleophilic attack altered the nature of the ring C so that it is partially saturated. The nitrogen aton N7 is trivalent and the C8 atom has the sp 3 hybridization. The shortest bond length is in the cyano group C21-N22 1.145(2) Å, the longest bonds are C5-C6 in ring B and C8-C8a in ring C, both 1.515(2) Å. The ring C is in a halfchair conformation with atom C8 deviated from the mean plane of the ring. The ring B conformation resembles those in berberine azide and thiocyanate (Fig. 3) . The puckering parameters of the sixmembered heterocyclic rings in all three derivatives were calculated [12] and the values are listed in Table 3 . In all three compounds, the dioxolane ring C2-O17-C14-O18-C3 is reasonably planar, the methoxy group at C10 (O20-C16) more or less in-plane, and the methoxy group at C9 almost perpendicular to the D-ring plane (Table 4) . 78.90 (18) 168.27 (14) -13.00(14)
In both ionic structures of 1b and 1c, the organic cations pack in centrosymmetric pairs which in turn form columns, mutully parallel. Similar arrangement has been reported for other berberine salts [9] . The spaces between columns are occupied by anions (1b, 1c) and solvent molecules (1b). On the other hand, no similar pairing can be observed in the spatial arrangement of neutral 8-cyano-8H-berberine (2). 
X-ray diffraction analysis
Diffraction data were collected on a KUMA KM-4 κ-axis diffractomer using either ω-2θ (1b, 1c) or ω scan mode (area detector, 2). Both structures were solved by direct methods and refined by fullmatrix least-squares methods using SHELXTL program package [11] .
Syntheses
Berberine azide (1b).-Berberine chloride (100 mg, 0.23 mmol) was suspended in water and sodium azide (500 mg, 7.7 mmol) was added. The mixture was refluxed for 1 h. After cooling to room temperature a yellow precipitate was collected, washed with water and dried. H-NMR spectrum (DMSO-d 6 ) was in agreement with that of berberine chloride [13] . Slow evaporation of saturated acetonitrile solution afforded a single crystal for X-ray diffraction analysis.
Berberine thiocyanate (1c).-Berberine chloride (100 mg, 0.23 mmol) was suspended in water and sodium thiocyanate (500 mg, 6 mmol) was added. The mixture was refluxed for 2 h. After cooling to room temperature a yellow precipitate was collected, washed with water and dried. H-NMR spectrum (DMSO-d 6 ) was in agreement with that of berberine chloride [13] . Slow evaporation of saturated aqueous solution afforded a single crystal for X-ray diffraction analysis. 
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